We report a case of long-term survival with complete response of liver metastases within RAINBOW, a randomized, controlled trial of ramucirumab 8 mg/kg intravenously (days 1, 15) versus placebo, both plus paclitaxel 80 mg/m 2 intravenously (days 1, 8, 15), every 4 weeks in patients with previously treated advanced gastroesophageal junction adenocarcinoma. A 64-year-old man with gastroesophageal junction adenocarcinoma and liver metastases received first-line folinic acid, 5-fluorouracil plus oxaliplatin (FOLFOX) following jejunostomy. On liver progression, he enrolled in RAINBOW (April 2012), receiving ramucirumab. In November 2013, positron emission tomography scan was consistent with complete metabolic response, confirmed by a follow-up scan in March 2016.
Introduction
Locally advanced or metastatic gastroesophageal junction adenocarcinoma, which has a median survival of 7-11 months [1] , is typically treated with cytotoxic chemotherapy [2] . Clinical guidelines recommend 2 drug regimens involving a platinum-based compound (oxaliplatin or cisplatin) and a fluoropyrimidine (fluorouracil or capecitabine) as first-line therapy [2, 3] . Until recently, no second-line regimen has been approved in the USA or Europe.
The vascular endothelial growth factor (VEGF) pathway regulates angiogenesis, a fundamental event in tumor growth and metastatic dissemination. VEGF receptor pathway activation promotes endothelial cell growth, migration, and survival [4] . In preclinical models, anti-VEGF/VEGF receptor therapies show potent inhibition of angiogenesis and tumor growth [5] . In patients with gastric cancer, high VEGF levels are associated with increased tumor aggressiveness and reduced survival [6] .
Ramucirumab (Cyramza ® , Eli Lilly) is a direct VEGF receptor 2 inhibitor. This fully human immunoglobulin G1 monoclonal antibody binds to the extracellular VEGF-binding domain with high specificity and affinity, preventing ligand binding [7] . Ramucirumab is the first biological treatment given as monotherapy to demonstrate survival benefits in patients with advanced gastric or gastroesophageal junction adenocarcinoma progressing after first-line chemotherapy. Patients with this clinical history who enrolled in REGARD, a randomized, double-blind, placebo-controlled, phase III trial, showed significantly longer overall survival with ramucirumab than placebo (median 5.2 vs. 3.8 months; hazard ratio 0.776; p = 0.047) [8] . The RAINBOW study (NCT01170663) was a randomized, double-blind, placebo-controlled, phase III trial designed to establish whether ramucirumab conferred a survival advantage in paclitaxel-treated patients with advanced gastric or gastroesophageal junction adenocarcinoma and disease progression after first-line combination chemotherapy. In RAINBOW, overall survival was significantly longer in the ramucirumab/paclitaxel group than in the placebo/paclitaxel group (median 9.6 vs. 7.4 months; hazard ratio 0.807; p = 0.017) [9] . We discuss a patient with liver metastases who achieved complete response without surgery in the RAINBOW trial.
Case Report
A 64-year-old man with a history of prostate cancer treated with radical prostatectomy in 2005 and untreated hypercholesterolemia experienced progressive dysphagia and weight loss over 3 weeks in November 2011 (12 kg; initial body weight [BW]: 93 kg, last BW: 115 kg; normal patient BW: 114-116 kg). Ultrasound endoscopy (December 2011) showed complete stenosis of the lower esophagus, 39-42 cm from the dental arch. Histology indicated moderately differentiated adenocarcinoma; human epidermal growth factor receptor 2 was not overexpressed. A total body computed tomography (CT) scan showed liver metastases and 2 enlarged abdominal lateral-aortic lymph nodes. Carcinoembryonic antigen (CEA) and carbohydrate antigen (CA) 19-9 values were normal. In January 2012, he underwent jejunostomy and received folinic acid, 5-fluorouracil plus oxaliplatin (FOLFOX) first-line therapy.
In April 2012, after 5 FOLFOX courses, the patient experienced liver progression. He enrolled in the RAINBOW trial and was randomized the same month. His baseline characteristics at entry were: BW, 95 kg; Eastern Cooperative Oncology Group/World Health Organization Performance Status (ECOG/WHO PS), 1; blood pressure (BP), 140/90 mm Hg; heart rate, 68 beats/minute. At baseline, he had grade (G) 1 neuropathy (grading based on National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.02 [10] ) due to previous oxaliplatin treatment. The patient had no proteinuria, normal left ventricular ejection fraction (LVEF), and no history of thromboembolic or bleeding events. Baseline chest, abdomen, and pelvic CT scans showed multiple liver metastases, two of which were selected for evaluation of therapeutic response (segment VIII, 20 mm diameter; center of right lobe, 26 mm diameter) (Fig. 1) .
At the end of April 2012, the patient started intravenous paclitaxel plus blinded ramucirumab/placebo treatment on a 4-week cycle (days 1 and 15, ramucirumab 8 mg/kg; days 1, 8, and 15, paclitaxel 80 mg/m 2 ). After the first cycle, there was rapid clinical improvement, including a 3-kg increase in BW without a jejunostomy tube, which the patient removed himself.
The first CT assessment scan, performed after cycle 2 (week 8), showed a partial response (PR) of ≈47% (PR defined according to Response Evaluation Criteria in Solid Tumors [RECIST] version 1.1 [≥30% decrease from baseline in sum of longest diameter of target lesions] [11] ); no G3-4 toxicity was observed.
In September 2012 (cycle 6), the patient developed G2 neuropathy related to paclitaxel therapy, prompting a dose reduction to 70 mg/m 2 . His ECOG/WHO PS was 0, blood cell count (BCC), blood chemistry, and proteinuria were normal, and there was no change in LVEF (75%) or BP.
In November 2012 (after 8 cycles), a CT scan demonstrated a PR of ≈80%. Other parameters included: ECOG/WHO PS, 0; BW, 104 kg; normal BP, BCC, and blood chemistry; proteinuria, 0.07 g/L; persistent G2 neuropathy. In March 2013 (after 12 cycles), neuropathy increased from G2 to G3. Electromyography showed severe axonal sensory-motor polyneuropathy. Paclitaxel therapy was stopped but treatment with ramucirumab continued, in accordance with the protocol.
In May 2013, a CT scan confirmed an ≈85% PR (Fig. 2) . Other parameters included ECOG/WHO PS, 0; BW, 109 kg; proteinuria, <0.06 g/L. BCC, BP, LVEF (78%), and tumor markers (CEA and CA 19-9) were unchanged. Development of G3 hypertension without renal impairment required combination therapy with irbesartan/hydrochlorothiazide 300/12.5 mg, nebivolol 5 mg, and lercanidipine 20 mg. Gastric endoscopy and biopsies (June 2013) were consistent with inflammation and low-grade dysplasia; malignancy was not evident.
In October 2013, tests showed progressive increase in liver enzyme levels, particularly gamma-glutamyl transferase (GGT) (600 IU) and serum glutamic-oxaloacetic transaminase/serum glutamic-pyruvic transaminase (>1.5 times normal), indicative of hepatic cytolysis and cholestatic changes. Bilirubin and prothrombin time were not increased. Ultrasound indicated liver steatosis, which was deemed unrelated to ramucirumab therapy. Tumor markers were normal.
In November 2013, the trial was unblinded. The patient continued treatment with ramucirumab 8 mg/m 2 . Positron emission tomography (PET) indicated a complete metabolic response at that time.
In May 2014, a follow-up CT scan showed 1 remaining hypoattenuating residual lesion (<5 mm diameter, subcapsular portion of segment VIII) and a 14-mm hypervascularized nodule (segment IV). This new abnormality was considered regenerative nodular hyperplasia. Hepatic magnetic resonance imaging (July 2014) revealed that the focal liver lesion detected in May had increased from 14 to 31 mm and that 4 new smaller lesions were visible, with an imaging pattern not suggestive of metastases (no diffusion restriction, hypervascularized). A subsequent 18 F-fluorodeoxyglucose (FDG) PET-CT scan (July 2014) showed no suspicious hypermetabolism in the liver or elsewhere (Fig. 3) . Focal liver lesions were considered benign and probably due to peliosis. BCC, blood chemistry, renal function, and BP were normal (under antihypertensive therapy). G2 neuropathy was persistent but did not alter the patient's ECOG/WHO PS, which remained at 0. Ramucirumab was continued using the same schedule.
In May 2016, following a cardiologic workup for exertional dyspnea, the patient was diagnosed with pulmonary hypertension possibly related to study treatment. However, exertional dyspnea had been known since before enrollment into RAINBOW, and treatment with ramucirumab was continued. The last dose of ramucirumab was administered in December 2016, after which the patient and medical teams elected to permanently stop treatment.
Currently, the patient is doing well (ECOG/WHO PS, 0; BW, 118 kg; normal BCC, blood chemistry [except grade I GGT], renal function, and BP [without antihypertensive therapy]; neuropathy persistent but improved). The last CT scan (March 2016) showed that the hypervascularized lesions (putative peliosis) were unchanged compared with July 2014 and the most recent 18 F-FDG PET-CT scan (March 2016) was negative; the patient was still considered to have achieved a complete metabolic response. The patient continues to experience a goodquality, normal life, and travels abroad in August 2017 without any further anticancer treatment.
Conclusion
The long survival of this patient with metastatic gastroesophageal junction adenocarcinoma is clearly due to ramucirumab/paclitaxel combination therapy followed by ramucirumab alone, without surgery. Ramucirumab, as monotherapy or in combination with paclitaxel, is approved for second-line treatment of gastroesophageal junction adenocarcinoma that has progressed on fluoropyrimidine-or platinum-containing therapy [12] . Notably, the survival of this patient (5 years) is considerably greater than the median survival reported for similar patients receiving first-line therapy only (9.5-12.3 months) [13, 14] . Prior to second-line therapy, the patient had good PS (ECOG/WHO PS 1) that continues to be maintained (ECOG/WHO PS 0 from cycle 6 to last follow-up). In August 2017, the patient was confirmed to be alive with a very good PS (ECOG/WHO PS 0).
Patients in the ramucirumab/paclitaxel group of RAINBOW had a higher incidence of G3 and G4 adverse events than the placebo/paclitaxel group, including neutropenia (G3 and G4) and hypertension (G3) [9] . Although the patient reported here experienced these adverse events, they did not affect his well-being (as measured by ECOG/WHO PS).
This patient developed peliosis, an uncommon vascular condition of uncertain pathogenesis [15] . Peliosis has been associated with several malignancies, including hepatocellular carcinoma, and a number of drugs, including methotrexate, azathioprine [15] , and targeted therapy, as this has also been observed in patients responsive to anti-VEGF compounds, particularly with bevacizumab (personal observation in the clinic). The patient has definitively stopped ramucirumab treatment in agreement with the investigator.
This case supports the main finding of the RAINBOW trial that combining ramucirumab with paclitaxel significantly increases overall survival compared with placebo/paclitaxel in patients with previously treated advanced gastric or gastroesophageal junction adenocarcinoma [9] . The outcome of this patient, who could not tolerate long-term paclitaxel therapy, contributes to the knowledge concerning ramucirumab monotherapy. We have found that discontinuing paclitaxel while continuing ramucirumab monotherapy is feasible and may contribute to improved outcomes in such patients. 
